Modelos regionales de producción metalúrgica en Asia Occidental en el calcolítico Bronce Antiguo y Medio by Avilova, Liudmila
REGIONAL MODELS OF METAL PRODUCTION IN WESTERN
ASIA IN THE CHALCOLITHIC, EARLY AND MIDDLE
BRONZE AGES
MODELOS REGIONALES DE PRODUCCIÓN METALÚRGICA EN ASIA
OCCIDENTAL EN EL CALCOLÍTICO BRONCE ANTIGUO Y MEDIO
LIUDMILA AVILOVA (*)
ABSTRACT
The objective of this work is the reconstruction and
comparative analysis of regional models of metal produc-
tion in the Chalcolithic, Early and Middle Bronze Ages.
The work is based on the statistical analysis of unique
computer database on archaeological metal finds from
four regions of the Near East: Anatolia, Mesopotamia,
the Levant, and Iran. The materials are analysed by four
indicators: distribution by the chronological periods, ar-
tefacts’ function, proportion of used metals and cop-
per-based alloys. The author presents a series of conclu-
sions concerning the preconditions for the beginnings of
metal production in Western Asia and the pioneering role
of Iran in its emergence, the important role the piedmont
territories played in the development of metal production,
the leap-like pattern of production dynamics shown by
the periods, and its relation to the spread of a producing
economy, long-distance exchange, and the emergence of
the early civilizations.
RESUMEN
El objetivo de este trabajo es la reconstrucción y aná-
lisis comparativo de modelos regionales de producción
metalúrgica del Calcolítico y la Edad del Bronce Inicial y
Media. Se basa en el análisis estadístico de una base de
datos única sobre hallazgos metálicos de cuatro regiones
del Próximo Oriente: Anatolia, Mesopotamia, el Levante
e Irán. Los materiales se analizan atendiendo a cuatro
variables: períodos cronológicos, función de los artefac-
tos, proporción de los metales usados y las distintas alea-
ciones del cobre. La autora aporta una serie de conclu-
siones respecto a las precondiciones para los inicios de
la producción metalúrgica en el Oeste Asiático; sobre el
papel pionero de Irán en su aparición; la importancia de
los piedemontes en su desarrollo; el patrón no continuo
que se observa en las dinámicas de producción por pe-
riodos; y su relación con la expansión de la economía de
producción, el intercambio a larga distancia y la apari-
ción de las primeras civilizaciones.
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INTRODUCTION
The role metal played in cultural and social
processes from the remote past was determined
by the fact that it was one of the basic sorts of
materials produced both for internal consumption
and long-distance exchange.
Introduction of metals marked the epoch often
termed as the Early Metal Period, which implies
the Chalcolithic and the Bronze Age (the 5th – 2nd
millennia BC). This time was characterized by
emergence of a new branch of economy, that is,
metal producing and metalworking, closely re-
lated to such basic phenomena as the emergence
of civilizations, intense interaction of human
groups, spreading cultural and technological
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achievements over vast territories. Taken in this
aspect, archaeometallurgical studies enable us to
discuss a range of problems, among them: the de-
velopment of early metallurgy and metalworking;
spread of technological and other innovations;
formation of social factors which paved the way
for their adoption.
The issues concerning the early metal produc-
tion recently have attracted serious scholarly in-
terest. A series of investigations related to ancient
metal production and functioning of metal in an-
cient societies have been launched by E.N.
Chernykh in the Institute of Archaeology of the
Russian Academy of Sciences (Avilova and
Chernykh 1989; Avilova et al. 1999; Cernyh et
al. 1991; Chernykh 1992; Chernykh et al. 2002;
Avilova 1996; C ernykh and Avilova 1996;
Avilova 2001; Avilova and Orlovskaya 2001;
Avilova 2003; 2004a; 2004b; 2005).
Within the framework of these projects the
concept of metallurgical provinces has been sug-
gested (Chernykh 1971). A metallurgical prov-
ince is viewed as a major production and histo-
rical/cultural system of the past comprising a
number of related metallurgical and/or metal-
working foci, limited in space and time
(Chernykh 1992: 140-171). Functioning of these
systems to a great extent determined the pro-
cesses of production, social and cultural develop-
ment of ancient societies, progress in mining,
metallurgy and metalworking, working out tech-
nological and morphological standards. The con-
cept well corresponds to the scientific trajectory
aimed at reconstruction of the world systems of
the past (Kohl 1987). It presupposes compiling
specialized regional computer databases, which
enables to investigate the above problems with
application of modern methods to the mass ar-
chaeological material.
At present three basic zones have been out-
lined in Eurasia, each characterised by certain
model of metal production (Chernykh et al 2002).
These are:
1. Early civilisations of Western Asia;
2. Animal-breeding entities of the steppe and
forest-steppe zone of Eurasia that played the role
of a mediator in spread of new technologies;
3. Conservative peripheral groups of the for-
est zone of Northern Eurasia.
The Circumpontic metallurgical province
(CMP) was basic one in the spheres of production
and culture in the Early and Middle Bronze Ages
in the vast territory from the Balkans, southern
part of Eastern Europe and the Caucasus to
Anatolia, Mesopotamia, Western Iran and some
other territories of Eastern Mediterranean and the
Middle East. No doubt, development of regions
so different geographically and culturally was
marked by specific features reflected by metal
production and use.
It might look unexpected of a Russian archae-
ologist to undertake a synthesising work based al-
most entirely on the data obtained from foreign
publications. The main reason for it was an at-
tempt to apply the concept of metallurgical prov-
inces viewed as world systems to the materials
known from the motherland of ancient civilisa-
tions. Methodically, it seems useful to check up
the investigational methods worked out by the
Russian specialists against the voluminous data-
bases comprising impressive materials from the
regions known as the source of the Old World rel-
ative and absolute chronologies. The author had
also in mind that the emergence and development
of metal production in this important zone to a
greater or lesser extent influenced similar pro-
cesses in the territory of present Russia.
Territorial scope of this work covers the zone
where the earliest civilizations had emerged:
Mesopotamia; Iran; Anatolia; Syria and Palestine
(or the Levant). These regions were marked by
close interaction in many fields of economic and
cultural development and production in the Neo-
lithic, Chalcolithic, and the Bronze Age. Thus,
from this zone originate the earliest metal finds
dating from the 9th – 6th millennia BC. In this ter-
ritory had emerged the early urban civilizations
and state-type structures of the 4th – 3rd millennia
BC. The current investigation is aimed at reveal-
ing and formulating basic characteristics of metal
production in each of the four regions of Western
Asia; as a result models of production dynamics
are suggested constructed by means of the com-
parative analysis of specialised computer data-
bases.
Chronological framework of the investiga-
tion covers three basic periods interpreted from
the standpoint of the history of metal produc-
tion. This historical-metallurgical chronological
scheme is based both on cultural and metallurgi-
cal criteria (Chernykh et al. 2002: 83-84, Fig. 3).
According to the system, the Chalcolithic gener-
ally corresponds to the Late Ubaid period (in
calibrated radiocarbon dates 4500-3700 BC),
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EBA – to the Uruk period including Jamdet Nasr
(3700-2700 BC), MBA – to Early Dynastic I-III,
Akkad, the 3rd dynasty of Ur, Hammurabi
(2700-1800 BC). Table 1 shows positions the
key sites of Anatolia, Mesopotamia, Iran and the
Levant occupy in the system of relative chronol-
ogy of Western Asia. This chronological scheme
takes into account a series of publications de-
voted to the Near Eastern chronology (Mellaart
1981; Porada et al. 1992; Voigt and Dyson
1992).
Method. To carry out the comparative analy-
sis of metal production within the four regions
with application of a single method specialized
computer databases were compiled. The data-
bases are unique, as far as their extension and in-
formativeness are concerned. They comprise
rather detailed information on ancient metal
artefacts. The DB structure consists of 53 indica-
tions describing each artefact; these include: site
name, association, chronology, function, mor-
phology, material (either marked indefinitely, as
copper or bronze or including the results of spec-
tral analysis, if available, that is, the data on con-
centration of 11 elements: Sn, Pb, Zn, Bi, Ag, Sb,
As, Fe, Ni, Co, Au); publication, and other
(Chernykh et al. 1996: 95-103). Statistical analy-
sis of DB provides us with reliable quantitative
characteristics of mass production in given region
and given chronological period, and thus enables
to suggest comparable regional models of pro-
duction dynamics and functioning of metals
based on a single methodical approach.
Statistical analysis is carried out by the fol-
lowing indications:
1. Distribution of material by the chronologi-
cal periods;
2. Distribution of finds according to their
function (tools/weapons, ornaments and costume
details, vessels, objects of religious character and
social significance, blanks/ingots, casting
moulds);
3. Share of different metals in production
(copper and copper-based alloys, gold, silver,
lead);
4. Formulas of copper-based alloys.
Characteristics of metal production and use
are suggested within three broadly taken chrono-
logical periods – the Chalcolithic, the Early
Bronze Age (EBA) and the Middle Bronze Age
(MBA). The models of metal production are con-
sidered against the background of different stages
of cultural, historical, social and economic devel-
opment of the regions.
Natural resources. During the last decades
archaeologists are more and more interested in
the debris pointing to the processes of mining
ores, smelting and/or melting metal. Mineral de-
posits are distributed in the discussed zone very
irregularly. Three regions of the four considered
ones (Anatolia, Iran, and the Levant) have cuprif-
erous areas rich in native copper and copper ore
deposits, both oxidic and sulphide. This contrib-
uted substantially to local population’s acquain-
tance first with native copper and then melting
copper of ores. With this development the use of
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Table 1. Chronological sequences of basic sites in Western Asia.
copper expanded dramatically, and the earliest in-
dependent centres of production and use of metal
emerged.
In Eastern Anatolia of key importance were
the Ergani Maden deposits, despite no traces of
ancient mining have been discovered there so far
(Jesus 1978). Close to it the famous settlement of
Çayönü Tepesi dating from the pre-pottery Neo-
lithic is situated, where a series of over 100 earli-
est copper artefacts have been excavated, which
points to early exploitation of the local resources
by the ancient population. Of special interest is
the mining district Kozlu in Central Anatolia
located not far from the royal cemetery of
Horoztepe. In the first part of the 3rd millennium
BC local miners extracted sulphide copper ore
from these mines (Giles and Kuijpers 1974).
In Iran mineral resources widely occur within
the region, which provided favourable conditions
for formation of independent foci of metal pro-
duction (Pigott 1999). The deposits of Talmessi
and Meskani (Anarak region) produced both na-
tive copper and arsenical copper, mostly with ad-
mixture of nickel. Ancient mines were investi-
gated in Veshnoveh and reliably dated to the 4th
millennium BC. The traces of smelting copper of
ores and melting in crucibles have been regis-
tered in a number of sites: copper slags in Sialk II
and Shahr-i-Sokhta, slags and the remains of cop-
per-smelting furnaces in Hissar II and Shahdad,
casting workshop in Tepe Ghabristan. Generally,
archaeological sites often form clusters situated
in metalliferous zones.
Palestine also had rich sources of copper
(Antikes Kupfer im Timna-Tal 1980). Abundant
remains of mining and metallurgical activities
have been investigated in Wadi Arabah situated
between the Red and the Dead seas. Thus, in the
regions of Timna and Feinan numerous and well
preserved sites evidence copper ore mining and
smelting, the earliest sites dating from the 4th mil-
lennium BC. The region is a unique one, as far as
the scale of ore extracting and copper smelting is
concerned: the total amount of copper slag is esti-
mated as 150-200 thousand tons. The local ore
was represented by malachite and very rich in
copper, up to 56 % Cu.
Southern Mesopotamia had no mineral
sources of her own, nonetheless, it was there that
in the 4th and 3rd millennia BC a great urban civi-
lization emerged and early states formed. In the
3rd millennium BC impressive series of metal ob-
jects are known from Mesopotamia. The Sumer-
ian cuneiform texts mention various metals, sorts
of metal, and alloy types, and indicate the lands
from where different kinds of metal were pro-
cured. Many of them have been reliably identi-
fied. Thus, ancient copper-land of Magan and the
shipping port of Dilmun were situated in the to-
day Oman and Bahrein; metals were imported
also from Anatolia and Iran (Moorey 1994). It is
obvious that the Mesopotamian city-states had
overcome this serious barrier in their develop-
ment by organizing intense searching and trans-
portation of metals. In Northern Mesopotamia sit-
uation was more favourable, since it was situated
not far from cupriferous zones of Eastern
Anatolia and Iran, numerous trade routes inter-
secting there.
Databases. The DB on Anatolia comprises in-
formation on 37017 metal finds from 62 archaeo-
logical sites, that on Mesopotamia – 14893 finds
from 7 sites, that on the Levant – 5500 finds from
65 sites, that on Iran – 3286 finds from 13 sites.
Totally 60696 finds from 147 sites are included in
DB.
As for spectral analyses of copper-based ob-
jects, it totals 1672 analyses (Anatolia – 658, Iran
– 518, the Levant – 279, Mesopotamia – 217).
The author does not intend simply to impress
reader by these figures. It is clear that the more
abundant material is accumulated, systematically
arranged and analysed, the more reliable conclu-
sions and reconstructions may be suggested. This
is especially true of the situation when the entire
corpus of information originates from publica-
tions only, not to mention that some works are al-
ready out-of date, the authors’ views often dis-
agree in many points, such as chronology,
trajectories of cultural relations and patterns of
social development. The voluminous DB may
substantially balance the situation and enables
avoiding major faults.
Comparative analysis of the regional models
of metal production.
1. Distribution of material by the chronologi-
cal periods is shown in Table 2A and the chart
(Fig. 1). In Anatolia to the Chalcolithic 71 metal
finds is attributed (0.2 % of the total), the EBA
associations have yielded 360 finds (1 % of the
total); from the MBA sites 36586 objects were
registered, which makes up 99 %.
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In Mesopotamia the Chalcolithic is repre-
sented by 6 finds only (0.04 % of the total), in
EBA – 580 finds make up 4 %, in the MBA sites
there were registered 14307 objects, or 96 % of
the corpus.
The Levantine Chalcolithic is represented by 4
finds (0.1 % of the total), from the EBA sites 701
artefacts originate (13 %), and from the MBA as-
sociations 4795 finds, or 87 %.
Iran: the Chalcolithic has yielded 160 metal
objects (5 % of the total), to EBA 952 finds are
attributed (29 %), MBA is represented by 2174
finds (66 %).
Thus, in three regions (Anatolia, Mesopota-
mia, the Levant) metal production in the
Chalcolithic is very limited, much less than 1 %
of the regional DB, and only in Iran this indica-
tion makes up 5 %.
Transition to EBA differs in different regions.
In the Levant and Mesopotamia there is a consid-
erable rise of metal production, rather a leap for-
ward: the total number of finds increases hun-
dred-folds and even more. Anatolia and Iran look
different way: in these regions production growth
is not that sharp, 5 to 6 times as much.
Transition from EBA to MBA in Anatolia is
marked by enormous leap forward: metal produc-
tion increases almost hundred times as much.
Mesopotamia also shows strong rise – 25 times as
much. In the two other regions this rate is not that
big, 7 times as much in the Levant and only twice
as much in Iran.
Generally, the most clearly expressed
leap-forward-like dynamics in spread of metal
objects is registered in Mesopotamia, both when
transferring from the Chalcolithic to EBA and
from EBA to MBA. On the contrary, Iran shows
gradual smooth increase in metal production.
It is possible to establish certain correlation
between the increase of quantity of metal objects
by the regions not only with the availability of
mineral resources, but also with the earliest tradi-
tion of shaping objects of metal. Thus, in Iran and
Anatolia the first attempts of producing metal
artefacts can be traced back to the pre-pottery
Neolithic (the 9th – 7th mill. BC). In Palestine us-
age of metal emerged later, in the Chalcolithic. In
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Table 2. Database on metal finds discussed in the article. Percentage is shown in brackets
Fig. 1. Distribution of materials by regions and periods.
Mesopotamia situation is much more intriguing,
since the country had no ore sources in her terri-
tory, and no early metal finds have been reported
from it. Anyway, the quantity of metal objects
rises steeply by the periods, especially during the
transition from the Chalcolithic to EBA, which
means that in EBA the Sumerian city-states had
established a stable system of delivery of metal
from the outside. This was possible under the
condition of the Uruk urban civilisation with its
developed system of trade relationships (Algaze
1989).
The sharp increase in metal production ob-
served in MBA was also related to the pace of so-
cial development: in Mesopotamia and Anatolia
royal cemeteries (Ur, Alaca Höyük, Horoztepe)
have been excavated; in Anatolia rich treasures
belonging to local dynasties have been discov-
ered (Troy, Eskiyapar). In Palestine temple trea-
suries have been excavated in Byblos. No associ-
ations of that kind have been registered so far in
Iran, though treasures and separate burials of so-
cial elite are known from Hissar Tepe III.
2. Functional classes of objects. The total cor-
pus of the material has been divided into 9 classes
according to the artefacts’ function. Class 1 com-
prises tools and weapons, class 2 – ornaments and
costume details, class 3 – horse harness details,
class 4 – protective armour, class 5 – vessels, class
6 – objects of religious function and social status,
class 7 – semi-finished objects, class 8 – negatives
on casting moulds, class 9 – objects of unclear
function and fragments. Most numerous and im-
portant are classes 1 and 2 (see Table 2A).
In the Chalcolithic in the most numerous Ira-
nian DB (160 items) tools and weapons dominate
(71 %), considerable number of heavy metal-con-
suming objects (flat and shaft-hole axes, hoes,
mirrors) is its specific feature (Fig. 2). Ornaments
make up 22 % of the material. It is important that
in this early period a series of semi-finished ob-
jects was identified (so-called long pins with
characteristic bulb on their ends from Tepe Sialk
III and Tepe Ghabristan, see: Avilova and Te-
rekhova 2006). In Anatolia, on the contrary, per-
sonal ornaments constitute 58 % of the total,
while tools/weapons of simple shapes (awls, nee-
dles, knives, flat axes) make up around 39 %. In
Mesopotamia and the Levant no assessment may
be suggested, since the collections are too poor.
In EBA correlation of the two basic classes
(tools/weapons and ornaments) is shown in
Fig. 3A. In EBA a number of new categories of
metal objects was introduced (shaft-hole axes,
tanged spearheads) (Fig. 4). Ornaments dominate
over tools/weapons in three regions, which is
most clear in Iran with 89 % of ornaments and
only 9 % of tools/weapons. This pattern of distri-
bution has emerged there due to the materials
from the kurgan cemetery of Se Girdan near the
Urmia Lake: the burials contained over 660
golden beads (Trifonov 2000). In Mesopotamia
the picture looks very similarly, with 76 % and
9 % respectively. Here the decisive role is played
by Northern Mesopotamia, namely, the Uruk ne-
cropolis of Tepe Gawra, which has yielded nu-
merous golden beads, rosette-shape applications
and so forth (Tobler 1950) (Fig. 4: 23-30). This
indication stresses the similarity observed be-
tween the Iranian and Mesopotamian models and
also shows their similarity with Maikop culture in
the North Caucasus (Munchaev 1975) where
thousands of ornaments (golden beads in particu-
lar) were accounted for (Piotrovsky 1996). A spe-
cific feature of Southern Mesopotamia is high
proportion of metal (lead) vessels originating
from the Ur cemetery of Jamdat Nasr period
(Woolley 1955). The only region marked by do-
mination of tools/weapons is the Levant (52 %).
Another specific feature of this region is unusu-
ally high rate of the objects interpreted as the
markers of social state and religion beliefs. I
mean the elaborate “wands”, “crowns” and other
finds from the Nahal Mishmar treasure (Fig. 4:
36, 37, 42, 43) (Bar-Adon 1980); these make up
19 % of the total.
The chronology of the treasure is to a certain
extent debatable (Frangipane 1985: 216; Ryndina
1998: 25). The association comprising over 400
objects probably should not be dated back to a
narrow chronological span. Obviously, it was for-
med during a long period of time. The objects’
morphology is related to the chemical composi-
tion of metal, and points both to a substantial dif-
ference in their production traditions and chro-
nology: thus, 14 flat axes cast of “pure” copper in
single-side moulds, as well as pyriform mace-
heads should be considered reliably early (Shalev
1991; Tadmor et al. 1995: 119-122), but the ob-
jects of clearly ritual function (Fig. 4: 37, 43)
shaped of complex alloys Cu+As+Sb in the elab-
orate technology of lost-wax casting probably are
of later age. I mean the cylindrical maceheads
with vertical rows of projections (Tadmor et al.
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Fig. 2. Metal finds of in the Chalcolithic period (not to scale).
1-11 – Anatolia; 12-15 – Mesopotamia; 16, 17 – the Levant; 18-40 – Iran.
1-4, 9 – Beycesultan XXXIV; 5, 6, 11 – Mersin XVI; 7, 8, 10 – Ikiztepe II; 12 – Tepe Gawra XIII; 13 – Southern Mesopo-
tamia, occasional find; 13 – Eredu; 15 – Ur, area W, burial G; 16 – Teleilat Ghassul; 17 – Amuq, 1st mixed range; 18, 23,
25, 26-28, 30, 31 – Tepe Sialk III; 19-22, 29, 38, 40 – Susa I; 24, 32-37 – Tepe Hissar I. 9 – silver, the rest – copper/bronze.
1995: 115, Fig. 9-10). Their counterparts (Tallon
1987: 130-131, Fig. 12) are known from EBA
(Hissar II, Fig. 4: 45), and even ED III – Akka-
dian time, that is, MBA (Susa IV, the Royal cem-
etery of Ur – Fig. 5: 24, 48). The wide chronol-
ogy of the treasure is confirmed by four 14C
dates obtained from it that fall within the span
from the mid 4th to the mid 3rd mill. BC (Bar-
Adon 1980: 199), which well corresponds to the
EBA of the historical-metallurgical scheme (Ta-
ble 1). From the presented data it is clear that the
metal production of the Southern Levant in the
Uruk period needs further investigation, with spe-
cial attention to the chronological aspect.
In MBA the morphology of finds extends sub-
stantially, in this period are introduced socketed
spearheads, tanged arrowheads, various shapes of
axes (those with hammered tubular socket, cres-
centic, anchor and fenestrated axes); wide range
of metal vessels are used (Fig. 5), personal or-
naments become immensely rich and varied
(Fig. 6). Substantial shifts in the materials’ distri-
bution occur in the discussed period (Avilova
2005) (Table 2A; Fig. 3B). In Anatolia ornaments
occupy dominating position (96 %, tools/weap-
ons making up only 3 %), the same can be seen in
Mesopotamia (94 % and 3 % respectively). Orna-
ments prevail in the Levant also, though not so
strongly (42 %); tools/weapons constitute a little
more than the quarter of the total. Iran makes an
exception, distribution of the two basic classes
being quite different here: tools/weapons make
up 51 %, and ornaments 34 %. In this aspect it
should be taken into account that in the region
in question no royal cemeteries yielding over-
whelming concentration of ornaments are known,
though burials of social elite have been investi-
gated in Hissar III (Schmidt 1937).
Generally, in MBA maximal functional and
morphological diversity of the repertoire of metal
artefacts is registered: from 7 to 9 of all morpho-
logical classes possible are represented in each
regional DB. Thus the distribution of the materi-
als by the functional classes correlates with the
chronological position of the associations and the
type of archaeological site (settlement, cemetery,
treasure).
3. Set of metals used (copper/bronze, gold,
silver, lead) (Table 2B). In the Chalcolithic in all
regions practically only objects made of cop-
per/bronze are known, finds of other metals are
exclusively rare. Thus, from Anatolia one silver
object (a ring) is reported (Beycesultan XXXIV)
(Fig. 2: 9), in Mesopotamia one find of golden
foil was registered (Ur), in Northern Syria one
object of lead originates from Amuq. The largest
Chalcolithic collection from Iran comprises cop-
per/bronze artefacts only.
In EBA essential differences can be observed
in different regions (Avilova 2005) (Fig. 7A). In
Anatolia the repertoire of metals practically re-
mains the same as in the Chalcolithic: 93 % of
finds are made of copper/bronze. Quite different
this aspect of distribution looks in two regions: in
Iran, where gold ratio reaches 70 %, while cop-
per/bronze makes up only 27 % of the total; and
in Mesopotamia, where gold ratio is 47 %, cop-
per/bronze making up 45 %. I should stress that
in the North Caucasus the EBA period is marked
by quantitative domination of precious metals,
mainly gold. The Levant shows less striking
changes, copper/bronze remains basic metal
(76 %), the most popular precious metal is silver
(22 %).
MBA in three regions is marked by the most
striking changes in use of metals (Fig. 7B). Thus,
in Anatolia the situation is quite different from
what we saw in EBA: now gold dominates abso-
lutely (93 %). In Mesopotamia the trend to do-
mination of precious metals already manifested
in EBA strongly develops, gold now constitutes
46 % and silver 28 % of the total collection. Cop-
per/bronze is on the third position, making up
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Fig. 3. Distribution of basic functional classes of metal
objects in EBA and MBA.
A – Basic functional classes of metal objects in EBA;
B – Basic functional classes of metal objects in MBA.
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Fig. 4. Metal finds of the Early Bronze Age (not to scale).
1-18 – Anatolia; 19-30 – Mesopotamia; 31-43 – the Levant; 44-63 – Iran.
1, 2, 8 – Arslantepe VIA; 3, 4, 17 – Güzelova; 5 – Yusufeli; 6 – Merzifon; 7, 9, 13, 18 – Alishar Ia; 10 – Troy I; 11 – Bey-
cesultan XVII; 12 – Beycesultan XVIII; 14 – Arslantepe VIB; 15, 16 – Ikiztepe I; 19 – Tepe Gawra XI; 23 – Tepe Gawra
VIII-X; 24, 25 – Tepe Gawra VIII; 26 – Tepe Gawra VII; 27, 28, 30 – Tepe Gawra IX-X; 29 – Tepe Gawra XI; 20-22 – Ur,
area F; 31, 36, 37, 42, 43 – Nahal Mishmar; 32 – Shiqmim; 33, 34 – Byblos; 35, 38, 40 – Amuq F; 39 – Abu Matar; 41 –
Nahal Qana; 44, 45, 47, 52, 54, 55, 60-63 – Tepe Hissar II; 46 – Se Girdan; 48, 51, 58, 59 – Tepe Sialk IV; 49, 50, 53, 56,
57 – Susa II – IIIA.
1 – bronze with silver inlays, 15, 23, 24, 27-29, 41, 53 – gold, 30 – electrum, the rest – copper/bronze.
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Fig. 5. Metal finds of the Middle Bronze Age (not to scale).
1-16 – Anatolia; 17-29 – Mesopotamia; 30-37 – the Levant; 38-59 – Iran.
1 – Polatli; 2 – Mahmatlar; 3 – Arslantepe, non-stratified find; 4 –.ªatir Hüyük; 5 – Troy II-V; 6 – Cilicia, occasional find;
7 – Tarsus vicinity, occasional find; 8, 13 – Ikiztepe I; 9, 15 – Troy II, treasure A; 10 – Iasos; 11 – Bayindirköy; 12 – Soli;
14 – Kültepe Ib; 16 – Alaca Höyük; 17, 19, 24, 26, 29 – Ur (Early Dynastic III); 18, 23, 27 – Tepe Gawra VI; 20 – Ur
(Akkadian); 21, 25, 28 – Ur (Early Dynastic III – Akkadian); 22 – Ur (Akkadian – 3rd dynasty); 30 – Amuq J; 31 – Ain
es-Samieh; 32 – Amuq H; 33 – Amuq, 2nd mixed range; 34 – Byblos; 35, 37 – Megiddo; 36 – Ras Shamra; 38, 40, 47-49,
51, 52, 55, 56, 58, 59 – Susa IV – V; 39, 41, 43, 53 – Luristan; 42, 44, 46, 54 – Tepe Hissar III; 45, 57 – Tureng Tepe II; 50
– Geoy Tepe D.
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Fig. 6. Metal ornaments and symbolic objects of the Middle Bronze Age (not to scale).
1-19 – Anatolia; 30-41 – Mesopotamia; 42-51 – the Levant; 52-64 – Iran.
1 – Troy II; 2 – Alishar II; 3, 28, 29 – Alaca Höyük; 4 – Tilkitepe; 5 – Tarsus; 6, 7, 9-11, 13-16, 18-22, 24 – Eskiyapar; 8,
17 – Karata.º; 12, 23 – Ikiztepe I; 25, 26 – Horoztepe; 27 – Soli; 30-33, 36-41 – Ur (Early Dynastic III); 34 – Tepe Gawra
VI; 42, 44, 47, 48 – Byblos; 43 – Amuq J; 45 – Amuq H; 46 – Qatna; 49, 50 – Amuq G; 51 – Tell Ahmar (Til Barsib); 52,
53, 55-64 – Tepe Hissar III; 54 – Susa V.
3, 5-11, 13-22, 24, 30, 32, 33, 53-55, 64 – gold; 12 – lead, 31 – silver, lapis-lazuli; 35, 56 – silver.
26 % only. In Iran the general picture differs car-
dinally from that in EBA, now copper/bronze
dominates (84 %), while the ratio of precious
metals drops to 13 %. Only in the Levant the dis-
tribution of metals remains unchanged, the total
mass of precious metals reaching 20 %, cop-
per/bronze being basic material.
Generally, distribution of precious metals
clearly correlates with mass production of orna-
ments discovered in burials of social elite and
treasures.
It seems of interest to try to establish if there
existed any correlation between mass production
of ornaments, the use of precious metals, and
availability of their sources. In Anatolia and Iran
the situation looks rather balanced due to the both
regions’ rich mineral resources, Panning of allu-
vial gold from rather numerous sources was
widely spread in antiquity. Thus, gold is panned
even now in the rivers Djeihan and Sejhan in
Cilicia – the region closely related with Mesopo-
tamia and Syria. Gold-bearing rivers are men-
tioned in the Bible (Gen. II: 11,12). Extraction of
rift gold was also known. The Sumerian and
Akkadian texts mention as the sources of gold the
land of Meluhha on the Gulf shores, and the
mountainous land of Aratta located by many in-
vestigators to the East from Mesopotamia; more
difficult to determine are the mountainous re-
gions of Hahhum and Su (evidently, situated on
the Upper Euphrates and Western Iran respec-
tively) (Moorey 1994: 220).
When discussing the relationship between the
mass production of golden objects and the
sources of gold, Mesopotamia is worth special at-
tention, because it was here that high rate of
artefacts made of noble metals is observed (see
Table 2B, Fig. 7A, B), despite the lack of gold
and silver deposits. The overwhelming number of
golden ornaments in the Se Girdan EBA burials
in Western Iran and the MBA Anatolian treasures
is not a surprise, taking into account the regions’
rich mineral resources, gold and silver in particu-
lar. But in the Mesopotamian EBA from Tepe
Gawra only 6 tools are known, while ornaments
in the burials are strikingly numerous (275 ones,
262 of them made of gold). The site is situated on
an important cross-road, so it is clear that the no-
ble metals were transported there. As for MBA,
only 63 metal finds originate from the habitation
levels, tools/weapons (24 finds) and ornaments
(25 ones) are represented in the same proportion,
only 2 golden ornaments being accounted for.
Since burials of this period are not known, it is
impossible to say if Tepe Gawra was still in-
cluded into the system of trade in gold.
In Southern Mesopotamia the situation looks
quite different. In the Ur cemetery of Jamdat Nasr
period (EBA) 84 metal finds are registered, 66 of
them are metal vessels (38 lead ones), and 13 or-
naments only, 4 of them are silver earrings; gold is
not represented. Distribution of finds in the Royal
cemetery of Ur in MBA is shown in Table 3.
Thus we can see that the ornaments made of
noble metals taken together are four times more
numerous than copper/bronze ones. This means
that it was not simply the access to the sources of
gold and silver that determined the mass produc-
tion and use of ornaments made of noble metals.
The example of Mesopotamia proves that the or-
ganised system of procurement of metals from
beyond, gold and silver in particular, was equally,
if not more substantial.
4. Copper-based alloys’ formulas (Table 2C).
From the Chalcolithic two representative selec-
tions of spectral analyses are available – 42 anal-
yses from Anatolia and 69 from Iran. It is of im-
portance that as early as the Chalcolithic in these
regions metallurgically “pure” copper with no de-
liberate admixture was not basic material. From
Fig. 8A it is clear that “pure” copper makes up
62 % in Anatolia and less than a half of the total
in Iran (44 %). Copper-arsenic alloy (often with
admixture of nickel) is in the second position in
Anatolia (31 %) and in Iran even in the first,
reaching 53 % of the total.
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Fig. 7. Distribution of metals in EBA and MBA.
A – Distribution of metals in EBA; B – Distribution of
metals in MBA.
Since the problem of natural or deliberate ori-
gin of arsenic in copper-based alloys remains
highly debatable, it seems to be improper to try
to discriminate between natural arsenical copper
and man-made copper-arsenic alloys in the early
period (see: Maddin et al. 1980; Gale et al. 1985).
Mass analyses performed in the Laboratory of
natural sciences of the Institute of Archaeology,
RAS have revealed that statistical groups of ma-
terial show dependence of arsenic content from
objects’ function; thus, ornaments usually contain
up to 20 % As, whilst tools/weapons have around
5 % As (Chernykh 1966: 43; Eaton and McKerrel
1976: 175). Noteworthy, already in the Chalcolit-
hic copper-arsenic alloys are widely used in Iran
and Anatolia, the problem of their natural or de-
liberate character left aside.
Of EBA general domination of arsenic-copper
alloys is typical (57-74 %) (Avilova et al. 1999), to-
gether with total decrease of “pure” copper (29 % in
Iran, 14 % and 15 % in Mesopotamia and Anatolia
respectively) (Fig. 8B). The highest ratio of “pure”
copper is registered in the Levant (39 %), which
might be probably related to exploitation of rich
ores of Timna and Feinan at that time. Chemical
formulas of Mesopotamian and Iranian bronzes ha-
ve a specific feature in common, namely, around a
half of the total analysed materials show high nickel
content (over 0.3 %). Presence of nickel is gene-
rally typical of certain ore sources, such as
Talmessi-Meskani in Iran (Pigott 1999: 111-112)
and the Omani ores (Pernicka 1995).
Nickel admixture was established also in the
Maikop bronzes over a century ago (Virchow 1891)
and then confirmed by mass analytical investiga-
tions (Chernykh 1966: 38-39). This proves that
the relations maintained in EBA by the regions in
question were not limited to morphological simi-
larity and wide-scale use of gold, but covered
also exploitation (probably, deliberate choice) of
ores with certain properties.
EBA sees introduction of the earliest tin
bronzes, even triple alloys Cu+Sn+As. This evi-
dences experimental search of new alloys and the
initial stage of exploitation of new kinds of ores
(cassiterite, stannite) and ore deposits.
In MBA further decrease of “pure” copper ra-
tio is registered in Iran (only 1 % of the total) and
the Levant (20 %) (Fig.8 C). In Anatolia and
Mesopotamia it plays a limited role, similar to
what it was like in the preceding period. As far as
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Classes of metal finds Totally Copper/bronze Gold Silver
1 - tools/weapons 189 189
2 - ornaments 13600 2600 6550 3850
3 - harness details 6 4 1 1
4 - protective armour 5 2 3
5 - vessels 200 110 20 70
6 - symbolic objects 80 25 35 20
7 - semi-finished objects 1 1
9 - unclear objects 15 15
Table 3. Distribution of MBA finds from Royal cemetery of Ur by functional classes and metals.
Fig. 8. Distribution of “pure” copper and copper-based
alloys in the Chalcolithic, EBA and MBA.
A – “Pure” copper and copper-based alloys in the Chalco-
lithic; B – “Pure” copper and copper-based alloys in EBA;
C – “Pure” copper and copper-based alloys in MBA.
copper-arsenic alloys are concerned, in three re-
gions their ratio decreases (38-51 %), and only in
Iran they are produced on a large scale – 69 %.
Like the EBA production, around a half of arseni-
cal bronzes from Mesopotamia and their major
part in Iran show high nickel content.
The feature uniting all the regions within the
considered zone in MBA is wide use of tin bron-
zes, including triple alloys Cu+As+Sn. This indi-
cation reaches 28 % in Iran. In Mesopotamia tin
bronzes dominate (45 %), which is similar to the
data of the Pennsylvania project (Tadmor et al.
1995: 142). It is absolutely clear that in the period
in question a system of tin procurement func-
tioned; geologically, most probably from the ter-
ritory of Afghanistan. This thesis is often met
with in publications, despite at present no reliable
information on ancient exploitation of tin depos-
its in Afghanistan exists. Tin sources are men-
tioned in Sumerian texts of the 3rd mill. BC, and
some of them have been identified on the Gulf
shores (Moorey 1994: 298-300). Tin was deliv-
ered from the lands of Dilmun, Magan, Meluhha
and Aratta, including the “tin mountains” situ-
ated, according to some scholars, eastwards from
Mesopotamia.
Traces of extracting tin-containing ores are
also known from Kestel (the Bolkardag Moun-
tains, Turkey); the mines date from EBA III (MBA
in the historical-metallurgical scheme); close to
them there is the Göltepe settlement with the re-
mains of ore processing and melting, as well as
metal casting (Yener and Özbal 1987). But since
the local ores are of polimetallic character, the de-
posits are thought to have been used as a source
of gold, or silver and lead, but not tin (Muhly
1991). The difference in positions on the point is
explained by the fact that no tin sources with the
traces of ancient works may be reliably pointed to
now in Western Asia.
In this aspect of great interest is the informa-
tion published on the problem concerning tin de-
posits in Central Asia with the traces of ancient
mining (Potts 1997: 170). The recent joint inves-
tigations of the German Archaeological Institute,
archaeometallurgical group in Freiburg, the Ger-
man Museum of mining in Bochum and the Insti-
tutes of Archaeology in Uzbekistan and Tajikis-
tan have revealed two significant deposits of tin
ores in the Zeravshan valley. The pottery discov-
ered near the mines of Karnab, Lapas, Changalli
and Mushiston and the series of 14C dates sug-
gest the period from the Late MBA to the Early
Iron Age (1800-800 BC) as the chronology of
their functioning. Settlements of miners located
nearby are attributed to Andronovo culture (Par-
zinger and Boroffka 2003). J. Cierny supposes
that both the settlements, mines and metal-smelt-
ing workshops investigated in the Kyzylkums
and also attributed to Andronovo cultural unity
not only produced metal for local market, but also
could have exported it to the agricultural commu-
nities in Iran and/or Mesopotamia (Cierny 2002:
77-78). The interrelations between Bactria and
Iran are well evidenced by morphologically rep-
resentative finds starting from the 3rd mill. BC. I
mean the shaft-hole axes decorated with zoomor-
phic motifs and compartment stamp-seals (Tallon
1987: Nos. 72, 73, 1249, 1250; Yule 1982: Fig.
9c, 4) (Fig. 6: 61). We know also about the an-
cient system of trade in the Badakhshan lapis laz-
uli (Herrmann 1968) and the turquoise obtained
in the Kyzylkums (Tosi 1974). This network of
exchange could have been used also for procure-
ment of tin to Iran and to Mesopotamia via Iran.
CONCLUSIONS
The most important feature of the early metal
production in Western Asia is its extremely early
origin. In the discussed zone there existed two ba-
sic preconditions for discovery of native copper,
its melting and smelting copper ores to metal:
natural ore deposits and advanced tradition of
pyrotechnology, worked out in the course of pro-
ducing lime and gypsum plasters. It is not an ac-
cident these zones overlap essentially (Pernicka
1995: Figs. 8, 9).
Production of metal objects started in the
Chalcolithic in the second part of the 5th mill. BC
in Iran and, to a lesser extent, in Anatolia. The
Chalcolithic collections of metal artefacts from
Iran, on the one hand, and Ubaid sites in Mesopo-
tamia, on the other hand, show sharp contrast
(Amiet 1986: 36), as far as their quantitative and
morphological characteristics are concerned. Evi-
dently, the phenomenon of emergence of metal
production in Iran depended on its rich mineral
resources and developed exchange between Me-
sopotamian agricultural civilization and the pop-
ulation of the Iranian plateau and Zargos Moun-
tains. Such phenomena as development of
irrigation system, formation of two-level settle-
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ment system, emergence of social structures of
chiefdom type, and organised long-distance ex-
change (Antonova 1998: 71-72) developed
against the background of rapidly growing need
in metals. The scale of the Chalcolithic metal pro-
duction in Iran looks even more striking, when
comparing the state of archaeological researches
in Mesopotamia and quite insufficiently studied
territory of Iran (Avilova 2004b). It may be sup-
posed that the advanced production modes and
technological innovations emerged in the terri-
tory of Iran in the Ubaid period; then they were
adopted and developed by the Mesopotamian
city-states (Pigott 1999: 107, 118). Taking this
into account, the old model of cultural develop-
ment in Western Asia centred on Mesopotamia
needs much new detailed considerations.
The role of piedmont territories in develop-
ment of exchange network should be specially
stressed. As N.I. Vavilov has shown, the earliest
farming had emerged not in highly fertile alluvial
valleys, but in the piedmont zones, where wild
ancestors of domesticated cereals naturally grow,
and the conditions are favourable for seasonal ir-
rigation (Vavilov 1987). It seems of special sig-
nificance that from this zone come the earliest
metal finds dating back from the 9th – 7th mill. BC
(Çayönü Tepesi, Hallan Çemi, As,ikli Höyük, Ne-
vali Çori, Can Hasan, Çatal Höyük in Anatolia,
Ali Kosh, Shanidar, Tepe Sialk in Iran, Tell Ra-
mad in Palestine, Tell Magzalia, Yarim Tepe I in
Iraq). The piedmont regions have also yielded the
most spectacular associations of metal objects of
the Ubaid time (Susa I), and the Uruk period (ne-
cropolis of Tepe Gawra in Northern Mesopo-
tamia, the Arslantepe VIA treasure in Eastern
Anatolia, and the Maikop finds in the North Cau-
casus).
It seems that archaeologists and cultural an-
thropologists should pay special attention to the
qualitative leap forward in metal production that
marked the coming of EBA, and its relation to the
processes of urbanisation and formation of early
state systems. Of great significance in this aspect
is the Uruk “temple economy” based on the cen-
tralised control over production and consuming,
which allowed accumulation of grate amount of
goods for exchange (Özdogan 2002). The farm-
ing civilization of the alluvium in this period
forms a complicated system with the population
of the Iranian and Anatolian plateaus that devel-
ops the complex economy of which metal pro-
duction is an important component. The Sumer-
ian society strongly feels lack of metals; its elite
purposefully establishes and develops permanent
intense contacts with the centres of metal produc-
tion and metalworking located in the adjacent ter-
ritories of Iran, Eastern Anatolia, and the Gulf.
Need for metal in the agricultural societies
and necessity of certain agricultural products in
stockbreeding communities were powerful cata-
lysts for economic progress and development of
social complexity. Special role in the interaction
of farming communities with the mountaineers
engaged in animal-breeding and metal production
played agricultural goods (cereals, melted butter
and oils) and craft products (textiles). In the
depths of farming societies there were worked
out such intellectual attainments as writing, sets
of figurative motifs, finally, fashions, including
costume and hair-styles that were important as
the indications of social status.
This scheme of relationships with neighbours
was developed by Egypt and Mesopotamia – the
Old World’s greatest producers of foodstuffs. In
their lands high crop capacity of the fields al-
lowed accumulating strategic stocks used in par-
ticular for exchange and accompanied by wide-
scale spreading of various cultural standards. It
should be pointed out that high crops in allu-
vium were not secure at all: repeated draughts
were a permanent threat, while irregular floods
destroyed crops. These factors in the situation of
high population growth were of key significance
for formation of basic characteristic features of
the Mesopotamian civilization: urban centres –
residence of elite and bureaucracy; centralised
control of production in general, and agricultural
works in particular; control of irrigation system;
rationing daily consuming with the objective to
amass food supplies for lean years and organised
trade. The supplies kept in the temple granaries
could have been used also to support the power
of ruling group and to form numerous armed de-
tachments. Non-guaranteed success of farming
paved the way for rivalry and militarization of
policy implemented by the South Mesopotamian
city-states; the impressive series of metal weap-
ons from the Ur and Kish cemeteries of the
Early Dynastic periods are eloquent evidences
of the terminal phase of this process. It seems
highly probable that growth of urban population
and risk of local bad harvests were among the
reasons that forced the Uruk communities to or-
T. P., 65, N.º 1, Enero-Junio 2008, pp. 73-91, ISSN: 0082-5638
REGIONAL MODELS OF METAL PRODUCTION IN WESTERN ASIA IN THE CHALCOLITHIC... 87
ganise long-distance trade expeditions, and to
set up colonies far beyond the borders of the al-
luvial plain.
The lack of mineral resources in Southern
Mesopotamia stimulated intensification of long-
distance exchange and, thereby, extensive mining
and smelting metals and search of highly valued
exotic materials, including timber, copper, cop-
per-based alloys and precious metals, stone for
construction, and semi-precious stones in the re-
gions rich in such resources. The general scheme
of development of exchange relationships must
have looked a kind of geometric series rather than
arithmetical progression.
By impressively intense exchange is marked
the turning point in the history of the Near East –
the Uruk period. The early polities pursue wide-
scale temple constructing, consequently, they
strongly feel the necessity of imported materials;
the social elite closely related to the temple farm-
ing was the organiser of the exchange system.
The role temples played in the extensive network
of trade relations in the Uruk period can hardly be
overestimated (Özdogan 2002: 68). Noteworthy,
the Sumerians themselves conceived the raw ma-
terials (including metals) exchange as the activity
performed with the purpose to construct and dec-
orate temples. A colourful narration on this sub-
ject can be found in the epic “Enmerkar and the
Lord of Aratta”.
Thus, it is not an accident that the Uruk colo-
nies (Arslantepe, Nors,untepe, Tepecik) are rather
densely distributed in the regions with rich min-
eral resources, such as the Upper Euphrates.
Great demand of the Mesopotamian civilization
for metals permanently stimulated its production
and social development of the population of the
Iranian and Anatolian plateaus and the Gulf
shores. Western and North-Western Iran, Eastern
Anatolia and Mesopotamia constituted in EBA a
single complex system. There must have ap-
peared groups of professional craftsmen, their
production could have circulated both in the
shape of ingots and finished objects, which stim-
ulated working out certain morphological and
technological standards that functioned within
the zone of the Uruk civilisation proper and the
vast area stretched from the North Caucasus to
the Levant, to one or other extent influenced by
this civilisation.
Substantial growth of metal production in
EBA is accompanied by their functioning as
grave goods, which points to the important role
metal played in that period as an indication of so-
cial status and prestige. In this aspect noteworthy
are the golden ring-shaped ingots from the Nahal
Qana burial association; their standard shape and
weight presuppose advanced exchange relation-
ships.
The comparison of metal production in the
four regions of Western Asia in EBA evidences
consolidation of Northern Mesopotamia, Eastern
Anatolia, West and Central Iran, the North Cau-
casus and, to a certain extent, Syria and Palestine
in a single cultural zone (Andreeva 1979;
Trifonov 1987) marked by a single tradition of
metal production. Most probably, North
Mesopotamian and West Iranian cultural and pro-
duction traditions penetrated to the North Cauca-
sus along the Zagros foothills via the zone of the
Lake Urmia and Eastern Daghestan.
The models of metal production in Anatolia
and Mesopotamia show most close similarity:
they are typified by clearly leap-forward-like dy-
namics in the use of metals while transition from
one period to another, which is closely related to
the impact the Mesopotamian city-states exerted
on their western neighbours beginning from the
Uruk period onward. In the Levant this pattern is
manifested less clearly. On the contrary, the Ira-
nian model of early metal production shows grad-
ual development with permanent increase of
production marked by some conservative fea-
tures, such as the leading role of copper-arsenic
alloys during all three chronological periods. Ap-
parently, widely spread deposits of “pure” and
arsenical copper hampered in some way wide
introduction of tin bronzes in this region. The ag-
ricultural civilisation of Mesopotamia had suc-
cessfully overcome such a critical obstacle in its
development as lack of mineral resources through
organization of their wide-scale supply from be-
yond in exchange for food staffs.
In MBA metal production was determined by
interaction of early states: the Early Dynastic pol-
ities in Southern Mesopotamia, early state forma-
tions in Anatolia, later the Akkadian power in
Northern Mesopotamia, the Elamite centres in
South-Western Iran. In all these regions such phe-
nomena are clearly expressed, as social stratifica-
tion (burials of social elite), urban architecture
with the monumental constructions of specific
social functions and religious character (temples,
palaces), treasures (including precious and sym-
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bolic objects). Morphology of metal artefacts is
now marked by specifically local features. The
single cultural and production zone did not exist
in this period any longer, despite vivid contacts
between the regions, including distant ones can
be observed (from Anatolia, Syria and Palestine
in the west via Mesopotamia and Iran as far
north-east as Central Asia). But the North Cauca-
sian connections have ceased, and this region fol-
lows its own way of strictly local independent de-
velopment.
These are briefly presented results of the sta-
tistical work with computer DB on archaeologi-
cal metal objects. They show the similarities and
dissimilarities in metal production considered
within the four regions of Western Asia, and re-
veal the dynamics of their interaction in this field
during the Chalcolithic, EBA and MBA.
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